The stable microbubble test (SMT) is a sensitive and specific means of predicting respiratory distress syndrome in newborns, using quantitative correlations with concentrations of the protein and lipid components of surfactant. We hypothesized that fetal nutrition would affect the synthesis of surfactant components. The objectives of this study were to evaluate aspects of fetal and maternal nutrition influencing SMT results and related to development of respiratory distress syndrome in preterm neonates. Methods: Data from 194 preterm neonates of gestational age 23-36 weeks were analyzed using multivariate regression modeling to identify factors influencing SMT results. After adjusting for gestational age, we compared obstetric, maternal, neonatal, and placental data using analysis of variance in 99 neonates at 30-33 weeks of gestation based on results of the SMT. Receiver-operating-characteristic analysis was performed to characterize factors predictive of respiratory distress syndrome. Results: SMT results were most strongly associated with the concentration of protein in neonatal blood (P , 0.05) and maternal weight gain during pregnancy (P , 0.05). Cutoff values for predicting respiratory distress syndrome were serum protein ,4.7 g/L and maternal weight gain ,200 g/week. Conclusion: Inadequate maternal weight gain during pregnancy may play a significant role in immaturity of the surfactant system in the lungs and may be a predictor of respiratory distress syndrome in premature babies.
Introduction
Respiratory distress syndrome is one of the most important causes of morbidity in preterm neonates, 1, 2 and causes the development of bronchopulmonary dysplasia. 3 The severity of respiratory distress syndrome depends on the deficiency or dysfunction of pulmonary surfactant. 4 Synthesis of surfactant from serum products in the fetus starts from 20-24 weeks of gestation and increases dramatically toward the end of pregnancy, depending on the influence of corticosteroids, thyrotropin, cyclic adenosine monophosphate, prostaglandins, and epidermal growth factor. Pulmonary surfactant is synthesized by type II alveolocytes, and includes phospholipid (dipalmitoyl phosphatidylcholine, phosphatidylcholine, phosphatidylglycerol, and phosphatidylinositol) and protein (surfactant proteins A, B, C, and D) components. This lipid-protein layer decreases the surface tension of the alveoli after birth, protecting against the development of respiratory distress syndrome. 5 Absence or abnormality of even one component of the normal surfactant composition increases the possibility of respiratory failure. [6] [7] [8] The stable microbubble test (SMT) 9 is a very sensitive and specific means of predicting respiratory distress syndrome in newborns. 10, 11 Recent studies have shown quantitative correlations of SMT results with concentrations of surfactant phospholipids and proteins. [12] [13] [14] [15] [16] [17] [18] We hypothesized that fetal nutrition would affect the synthesis of surfactant components. The objectives of this study were to evaluate fetal and maternal nutrition factors influencing the results of SMT and related to the development of respiratory distress syndrome in preterm neonates.
Materials and methods

Data collection
We undertook a retrospective analysis of medical documents from 557 preterm neonates born at Nagano Children's Hospital (Azumino City, Nagano, Japan) and their mothers from January 2006 to December 2009. Inclusion criteria were performance of SMT and a verified diagnosis of respiratory distress syndrome or transient tachypnea of newborns. Exclusion criteria included stillbirth, presence of congenital or chromosomal abnormalities, and presence of severe disease requiring surgery in the early neonatal period or neonatal sepsis. As a result, 194 neonates from 154 mothers were included in the study. All study protocols were approved by the ethics committee of Nagano Children's Hospital. The study examined:
• Obstetric data, ie, duration of gestation at delivery, membrane rupture, and administration of tocolytics (ritodrine, magnesium sulfate) and corticosteroids (dexamethasone) in the antenatal period • Neonatal data, ie, gender, morphometrics (weight, length, head and chest circumference), Apgar score (at 1 and 5 minutes), blood hematology (red blood cells, white blood cells, platelets) and biochemistry (total protein, albumin, blood urea nitrogen, creatinine, total bilirubin, aspartate aminotransferase, alanine aminotransferase, lactate dehydrogenase, creatine kinase, C-reactive protein, and immunoglobulins G and M) • Maternal data, ie, age, height, weight, total gestational weight gain, blood hematology (red blood cells, white blood cells, platelets) and biochemistry (total protein, albumin, blood urea nitrogen, creatinine, total bilirubin, aspartate aminotransferase, alanine aminotransferase, lactate dehydrogenase, creatine kinase, C-reactive protein) • Placental data, ie, histological examination of the placenta, weight, inflammation. Respiratory distress syndrome was defined based on the results of SMT and/or X-ray (granule appearance). SMT was performed using newborn gastric fluid obtained during resuscitation. We also calculated intrauterine growth retardation 19 and body mass index 20 in mothers before pregnancy, mean gestational weight gain per week, placental-fetal weight ratio, 21 mean placental weight gain per week, and hypo/ hyperplasia of the placenta. 22 
Study design
All newborns were initially divided into five groups based on the results of SMT. Multivariate regression analysis was used to identify factors contributing to SMT results. Because the most influential factor was gestational age, we decided to perform a further analysis using comparable groups. We then divided the whole cohort into six groups according to gestational age and chose two paramedian groups with gestational ages of 30-31 weeks (n = 45) and 32-33 weeks (n = 54) as the most homogenous ( Figure 1 ).
Statistical analysis
Continuous variables are presented as the median with the interquartile range, while categorical variables are presented as numbers (n) and percentages (% 
Results
After dividing all newborns into five groups, multivariate regression models identified the best values for predicting the results of SMT as:
• Gestational age (β = 0.63, P = 0.000025) from neonatal data • Total protein concentration (β = 0.562, P = 0.024) from neonatal blood biochemistry • White blood cells (β = 0.22, P = 0.009) from neonatal blood data • Gestational weight gain (β = 2.4, P = 0.00001) and mean gestational weight gain per week (β = 2.2, P = 0.00001), from maternal data • Concentrations of albumin (β = 0.54, P = 0.003), blood urea nitrogen (β = 0.50, P = 0.003) and creatinine (β = 0.48, P = 0.005), from maternal blood biochemistry • Placental weight (β = 0.717, P = 0.00001) and placental weight gain per week (β = 0.4, P = 0.017). We did not identify any significant associations with gender distribution, multiple pregnancies, intrauterine growth retardation, frequency of preterm rupture of membranes, placental pathology, method of delivery, or antenatal administration of tocolytics or corticosteroids.
The new cohor t of 99 newbor ns was divided into three groups according to the quantity of stable microbubbles: "weak", ,10/mm These new groups showed no significant differences in gestational age (H = 5.48, P = 0.065), gender of the neonate, multiple pregnancies, method of delivery, or premature rupture of membranes. The frequency of administration of tocolytics or corticosteroids in the antenatal period was comparable between groups. Placental characteristics were the same in all groups.
The results showed respiratory distress syndrome in 44 newborns (88.0%) from the "weak" group, seven (35.0%) from the "medium" group, and three (10.3%) from the "strong" group. Among neonates without respiratory distress, intrauterine growth retardation tended to be more frequent, with 17 (37.7%) compared with 11 (20.4%) in the respiratory distress syndrome group (χ 2 = 3.67, P = 0.055). The results of blood analysis are shown in Table 1 . Significant differences in protein concentration were observed when comparing groups. Concentrations of protein were significantly linked with the results of SMT. A similar significance was observed for albumin concentration.
A negative correlation was observed between the concentration of aspartate aminotransferase and the number of stable microbubbles in the test (γ = −0.32, P = 0.002). Statistical analysis showed significant differences in creatine kinase levels, but no stable pattern of distribution between the groups was observed and the negative correlation with SMT was significant. No significant differences were evident for maternal age, weight before pregnancy, height, body mass index, results of biochemical analysis, or blood data. However, differences were seen between the groups for weight gain during pregnancy (gestational weight gain, H = 11.49, P = 0.003) and weight gain per week (mean gestational weight gain per week, H = 9.97, P = 0.007), with both being strongly correlated with SMT results (γ = 0.31, P = 0.005 and γ = 0.29, P = 0.009, respectively). Placental weight gain per week for singletons after adjusting for absence of edema was 138 g/week (interquartile range 80-191 g/week) in the "weak" group, 135.5 g/week (interquartile range 74-221 g/week) in the "medium" group, and 221 g/week (interquartile range 169-285 g/week) in the "strong" SMT group.
ROC analysis was used to compare the predictive characteristics of total protein, aspartate aminotransferase, creatine kinase determination, and maternal mean gestational weight gain per week for respiratory distress in newborns (Figure 2 with that of SMT using a cutoff value of ,4.7 g/L for predicting respiratory distress syndrome. The final specifications of these parameters and associated cutoff points are presented in Table 2 .
Discussion
Modern medicine offers many opportunities for improving the prognosis for preterm neonates, including antenatal use of drugs to stimulate the synthesis of surfactant, substitution or prophylactic use of synthetic or natural surfactants immediately after birth, and various modes of ventilation support, depending on the degree of prematurity and related conditions. All these methods are available in highly developed countries. The remaining issue is the question of antenatal prophylaxis and forecasting and reducing the risk of respiratory distress syndrome under conditions of limited resources. Surfactant components are produced by the pulmonary epithelium from the metabolism of serum proteins and lipids. Animal experiments have shown roles of maternal food deprivation and low-protein diets in potentiating lung hypoplasia and increasing surface tension in the alveoli. 23 Reducing the protein content in the diet of pregnant animals results in significantly decreased concentrations of surfactant protein A in the fetal lungs and amniotic fluid. 24 Animals fed a high-fat, carbohydrate-free diet show decreased lung concentrations of phospholipids and increases in cholesterol. 25 Studies have also demonstrated the importance of an adequate supply of vitamins, minerals, and carbohydrates to the pregnant animal for the normal maturation of lung tissue. 26, 27 In a retrospective survey of social and health factors among preterm neonates, considerable gestational weight gain halved the risk of respiratory distress syndrome. 28 In prospective studies among pregnant women, adequate perinatal nutrition (3000-4000 kcal/day) and education programs on neonatal outcomes have been associated with a shorter duration of ventilator support in neonates. 29 Low concentrations of lipids in the serum of pregnant women have shown a relationship with decreased concentrations of total cholesterol and high-density and low-density lipoproteins, with subsequent development of respiratory distress syndrome in newborns. In turn, the level of lowdensity lipoprotein in infants is related to gestational weight gain. 30 Concentrations of low-density lipoprotein and triglycerides are reduced in the cord blood of preterm neonates, which could be associated with the development of respiratory distress syndrome. 31 Balanced nutrition during pregnancy thus seems to play a role in ensuring structural and functional maturity of the fetal lung. In our view, studies of protein, lipid, and carbohydrate metabolism in pregnant women with preterm delivery will facilitate a better understanding of the pathogenetic basis for the development of respiratory distress syndrome in newborns and allow the establishment of a system of preventive measures.
The present study shows that SMT results are linked most strongly to concentrations of protein in neonatal blood and gestational weight gain. Inadequate gestational weight gain may play a significant role in immaturity of the pulmonary surfactant system and may thus offer a predictor of respiratory distress syndrome in premature babies. These results suggest that adequate nutritional guidance for pregnancy is important to prevent neonatal respiratory failure, and that perinatal information about pregnant women with poor weight gain may allow preparation for aggressive respiratory support for premature infants, including surfactant replacement therapy.
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